The paper analyzes the marginal cut-outs from two slabs of Ti-Nb microalloyed steel. The first slab was transitional with initial pulling rate 0.5 m.min -1 and final pulling rate 0.8 m.min -1 . The second slab was cast at real pulling rate 1.03 m.min -1 . The V-notch Charpy impact test showed that at low pulling rate 0.5 m.min -1 , the values of impact toughness (KCV) were higher than those at high slab pulling rates. When the pulling rate was 0.5 m.min -1 , mixed fractures were obtained, occasionally ductile, but mostly brittle. On the other hand pulling at rates 0.8 m.min -1 and 1.03 m.min -1 resulted only in brittle fractures with low KCV. Comparison of the mean ferrite grain size d ST , showed that the most fine-grained structure was achieved at a low pulling rate 0.5 m.min -1 , and the coarsest structure at pulling rate 0.8 m.min -1 . Furthermore, it was shown that, at high slab-pulling rates 0.8 m.min -1 and 1.03 m.min -1 , a greater amount of tertiary cementite was found on the boundaries of ferritic grains, compared with the lowest rate of slab pulling 0.5 m.min -1 . At the highest rate of slab pulling 1.03 m.min -1 , in addition to tertiary cementite, presence particles were observed here and there on the boundaries of ferritic grains, mostly oval shaped. On the fracture surfaces of brittle samples transcrystalline cleavage facets (TCF) dominated. In small amounts smooth facet intercrystalline decohesion (FID) was also identified with max. 0.2% , and also ductile transcrystalline failure with dimples (DDTF), usually present only in the form of narrow dimple bridges between cleavage facets. Observation of failures using scanning electron microscope (SEM) revealed the presence of either clusters of inclusions or individual particles, and EDX analysis confirmed the presence of Al, S, O, Mn, i.e. most probably oxides of aluminum and manganese sulphides. Aluminum can come from poorlycleaned melt contaminated by fumes from deoxidation or from mould powders. There were also complex particles based on (C, Ti, Mn, O, Al, S, Nb, Zr, Ca) observed mainly on the TCF. Moreover, the impact of heterogeneous distribution of particles on embrittlement cannot be excluded -carbides, nitrides, and complex carbonitrides based on (Ti, Nb) (C, N).
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Introduction
The surface quality of continuously cast semi-finished steel products is an important factor in terms of the surface quality of final sheets and strips. The main quality factors and steel production efficiency are optimized by the macrostructure and microstructure of slabs and quality of their surface. For this reason it is necessary to ensure high metallurgical quality of the molten steel, to keep the basic parameters of the casting process, casting crystallization parameters and heating parameters in the pusher furnaces [1] [2] [3] [4] . The detailed study of structural characteristics and failure modes in the slab surface zone can contribute to assessing the overall quality of slabs. The aim of this contribution was to study the surface zone of slabs made from Ti-Nb microalloyed steel produced at three slab-pulling rates in terms of impact toughness and morphology of fracture.
Experimental material and methods
As experimental material two slabs of Ti-Nb microalloyed steel were used. The first slab was transitional with the initial pulling rate 0.5 m.min -1 and the final rate 0.8 m.min -1 , Fig.1 . The second slab was cast at the real production pulling rate 1.03 m.min -1 , Fig. 2 . Tables 1 and 2 show the chemical compositions of the analyzed slabs. to the slab pulling direction. The samples used had standard dimensions 10 x 10 x 55 mm with V notch 2 mm deep. To explain the reason for mainly low values of impact toughness, the samples presented in Fig. 3 signed by circlet were used for analysis. The fracture surfaces were nickel plated, to prevent rounding of the fracture line during metallographic cross section preparation processes. The samples were observed with an OLYMPUS VANOX-T light microscope and a JSM 7000F scanning elektron microscope (SEM).
Results
From the results of the notch impact toughness test at temperature 22°C it follows that at pulling rates 0.8 m.min -1 and 1.03 m.min -1 the values of KCV are low and all the fractures are brittle. On the other hand, at the lowest pulling rate 0.5 m.min -1 the values of KCV are higher, the fractures are mostly brittle and mixed, but occasionally also ductile. According to the methodology described in the work [5] , fracture surfaces on the selected brittle samples obtained from the notch impact toughness test were evaluated using the statistical grid method on the monitor of the JEOL JSM-35CF scanning electron microscope (SEM). The results of this statistical evaluation of fracture surfaces as the percentage for each particular mechanism of failure are given in Table 3 . . The structure of the surface zone was ferritic-pearlitic. Near the surface the heterogeneity in the ferrite grain size can be seen sporadically. Occasionally, grains of the pearlite can be seen perpendicular to the slab surface, which means that they were oriented parallel to the axis of the original dendrites. In the brittle sample K8 numerous instances of allotriomorphic ferrite were also observed, with the inclusions arranged into the rows, Fig. 4 . Particles with angular shape were also observed in the microstructure. Observation of the fracture surface of the brittle sample K8 showed mostly the occurrence of transcrystalline cleavage facets, occasionally also plain facets of intercrystalline decohesion with particles ( Fig.  5) , and sporadically ductile transcrystalline failure with dimples, generally in the form of narrow dimple bridges between the cleavage facets. In the case of sample K38 with mixed fracture there was a higher ratio of ductile transcrystalline failure with dimples. On the fracture surface of tough sample K20, 100% of ductile transcrystalline failure with dimples was observed, which was related to the high values of notch impact toughness. Single particles on the basis of aluminium occurred in all samples near the surface, but in brittle sample K8 near the area of final fracture there occurred moreover an aggregate of inclusions (Fig.6 ), whereby EDX analysis showed the presence of oxygen and aluminum, which probably refers to Al 2 O 3 . Furthermore, on the fracture surfaces little particles based on manganese and sulphur were also observed, and moreover complex particles on the basis of (C, O, Al, Mn, S, Ti, Ca, Zr). In the dimples mainly particles of oval shape occurred (Fig.7) , and EDX analysis showed it is probably sulphide of manganese, aluminium oxides or complex particles on the basis of (C, Al, S, Ti, O, Mn).
Pulling rate 0.8 m.min -1
At this pulling rate all samples had low value of notch impact toughness, and fractures were brittle. In order to ascertain the causes of KCV low values the following samples were chosen: M34 (KCV = 9 J.cm -2 ), M38 (KCV = 11.2 J.cm -2 ) a M47 (KCV = 15.8 J.cm -2 ). The average ferrite grain size of particular samples were : M34 (d ST = 0.0884 mm), M38 (d ST = 0.0625 mm) a M47 (d ST = 0.053 mm), which indicates that these are course-grained in comparison with the lowest slab-pulling rate. The surface zone microstructure was polyhedric, sporadically in disequilibrium, probably of bainitic or acicular ferrite (Fig.8) . Sometimes near the slab surface, the heterogeneity in the size of ferritic grains could be seen, occasionally also allotriomorphic ferrite with the inclusions arranged in rows. In the microstructure oval and angled particles were observed in several places, which were sometimes arranged into rows. At this pulling rate in comparison with the lowest rate, enhanced presence of tertiary cementite can be seen on the ferritic grain boundaries, which weakens the cohesive strength of those boundaries. Observation of fracture surfaces revealed the occurrence of mainly transcrystalline cleavage facets, sporadically ductile transcrystalline failure with dimples generally in the form of narrow dimple bridges between cleavage facets, Fig. 9 , and occasionally smooth FIO with particles, Fig. 10 . Aluminium oxides, manganese sulphides, angular particles on the basis of (Ti,Nb)C, Fig. 11 or complex particles on the base of (Nb, Ti, Al, O, C, Mn, S, Zr, Fe) were also identified. Observation of the fracture surface showed mainly transcrystalline cleavage facets, Fig. 13 , more scarcely ductile transcrystalline failure with dimples in the form of narrow dimple bridges between cleavage facets, and occasionally smooth facets of intercrystalline decohesion with particles too. By means of EDX analysis particles on the basis of Al, O, Mn, S were identified, whereby these were probably cases of aluminium oxides or manganese sulphides, and sometimes complex particles on the basis of (Al, O, Ti, C, Mn, S, Nb).
Discussion
The surface quality of continuously-cast semi-finished steel products is an important factor in the quality of the finished surface of flat-rolled sheets and strips. degrade the high-temperature plastic properties of steel and has a negative effect on the properties of slabs after solidification at ambient temperatures [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the works [17, 18] it was proposed to determine the quality of the slab surface area using a suitable fractographic method of fracture evaluation acquired by impact bending. One of the factors that affect the morphology of fractures is also presence of harmful impurities because they give rise to intergranular facet formation. They point to the effect of microsegregation of impurities on the weakening of the original casting grains or the austenitic grains. Therefore, electronfractographic evaluation of the proportion of pathological fracture facets well describes the extent to which the slab surface is susceptible to embrittlement [19, 20] . Insofar as this work on the analyzed samples did not demonstrate the higher presence of intergranular facets, their influence on the embrittlement is insignificant. However, observing the fractures through SEM and EDX analysis revealed the presence of particles of aluminum oxides and sulfides of manganese. Moreover, from the point of view of the microstructure, this analysis showed heterogeneity in the size of ferrite grains. In addition to this, the boundaries of ferritic grains at higher slab-pulling speeds had greater amounts of tertial cementite on them, which weakens the cohesion strength of the ferrite grain boundaries. The embrittlement of the samples was also influenced by the inclusions arranged in rows in allotriomorphic ferrite, which bordered the original austenitic grains and particles arranged at the ferrite grain boundaries, Fig. 12 , which were observed at the highest pulling rate v = 1.03m.min -1 . The decisive factor of embrittlement at higher slab-pulling rates, though, may possibly be considered as being the coarser ferritic microstructure.
Conclusions
The obtained results for the analyzed slabs of Ti-Nb microalloyed steel lead to the following conclusions:
1. The comparison of results of the impact bending test show that KCV values are higher at the lowest pulling rate of 0.5 m.min-1 than KCV values at the higher slab-pulling rates of slab. 2. The evaluation of the mean ferrite grain size dST showed that the most fine-grained structure was achieved at the low pulling rate 0.5 m.min-1, and the coarsest structure at pulling rate 0.8 m.min-1. 3. The brittle fracture surfaces of samples dominated by transcrystalline cleavage facets (TCF). Were also identified small amounts of smooth facet intercrystalline decohesion (FID), max. 0.2%, and ductile transcrystalline failure with dimples (DDTF) mostly present only in the form of narrow dimple bridges between cleavage facets. EDX analysis revealed the presence of particles of aluminum oxides and manganese sulphides, and sometimes also complex particles based on (Ti, Nb, Mn, C, S, Al, Zr, O, N). 4. Use of light microscopy showed heterogeneity in the size of the ferrite grains, and at high slab-pulling rates a greater extent of tertiary cementite was on the boundaries of ferritic grains, with the potential to decrease the cohesion strength of the ferrite grain boundaries. The embrittlement of the samples was also influenced by inclusions arranged in rows in allotriomorphic ferrite, which bordered the original austenitic grains and particles at the ferrite grains boundaries. The decisive factor of embrittlement at high slab-pulling rates may possibly be considered as being the coarser ferritic structure.
5. It is known that the presence of microstructure heterogeneities in the surface zone can influence the properties and quality of final products in a negative way. Accordingly, appropriate care should be taken in all optimizing steps in the production technology. 6. Moreover, one can not exclude the effect of heterogeneous distribution of particles on embrittlement, namely carbides, nitrides, and complex carbonitrides based on (Ti, Nb) (C, N).
